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The nucleotide sequence of the 5' region of the human carbonic anhydrase II gene has been determined. This 
sequence begins 643 base pairs upstream from the ATG start site and continues through exon 1, intron 1, 
exon 2 and the adjoining 125 nucleotides of intron 2. The human sequence is compared with homologous 
regions of the mouse (YBR strain) carbonic anhydrase II gene by aligning the two sequences for optimal 
homology. In addition to a TATA box and a putative CCAAT box (CCACC in human and CCACT in 
mouse), three conserved tandem-repeat elements in mouse and two in human (consensus: cCNGTCACCTC- 
CgC) are located 15 and 22 base pairs upstream, respectively, from the CCAAT boxes in the human and 
mouse sequences. This repeat element is similar to a tandem repeat sequence located at about the same 
position in mammalian fl-globin genes, and may represent regulatory elements common to both the carbonic 
anhydrase and jS-globin genes. The regions surrounding exon 1 are extremely G + C-rich in both human and 
mouse genes. In addition, severel CCGCCC or GGGCGG sequences which may be important for transcrip- 
tional efficiency are found in the 5' flanking regions of the human and mouse genes. 
Introduction 
The mechanisms responsible for the tissue- 
specific regulation of genes in eukaryotes are still 
largely unknown. Several general regulatory ele- 
ments have been identified such as the TATA box, 
the CCAAT "box, and GC-rich elements which 
occur upstream from the transcriptional initiation 
site [1-3]. In several systems, tissue-specific regu- 
latory elements have also been located within a 
few hundred base pairs (bp) of the transcription 
initiation site [4-8], although some regulatory se- 
quences are found at distances of up to about 2 kb 
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(kilobase pairs) 5' from the initiation site [5,9]. 
The carbonic anhydrase (CA) multigene family 
is well suited for the study of tissue-specific gene 
regulation. This gene family is made up of at least 
five genes, and the products of three of these genes 
(termed CA I, CA II and CA Ill) have been 
structurally characterized from a number of 
vertebrate species [10]. One of the other two genes 
is expressed in liver mitochondria [l lA2] and 
another encodes a membrane-bound form in kid- 
ney [13] and lung [14]. The structure of the mouse 
CA II gene has been determined [15], and the 
nucleotide sequences of mouse CA II cDNA [16] 
and the rabbit CA l cDNA [17] have been re- 
ported. The CA II gene in mammals is expressed 
in many different tissues, but in only a limited 
subset of cells within each tissue [18], and thus 
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may be expected to have a variety of controlling 
elements. For example, although erythrocytes, 
osteoclasts and granulocytes are all presumably 
derived from stem cells in the bone marrow [19], 
CA II is expressed only in erythrocytes and 
osteoclasts [18,20,21]. In addition, CA II is ex- 
pressed in glial cells but not in neurons [18,22], 
although both of these brain cell types presumably 
originate from cells of the neural crest [23]. This 
pattern of expression is in contrast to that of the 
so-called 'housekeeping'  genes [24] which are ex- 
pressed in all cells, and other genes, such as the 
globins which are primarily expressed in only one, 
or a few, cell types. If each tissue has a different 
system to regulate a subset of genes, the CA I1 
gene might be expected to have multiple regu- 
latory regions, each for a different tissue. 
As a first step in determining the location of the 
regulatory sequences of the CA II genes, we have 
compared the nucleotide sequences surrounding 
the first and second exons of the human and 
mouse CA II genes. Underlying this approach is 
the assumption that important regulatory se- 
quences common to mammalian tissue-specific 
gene expression will have been conserved in evolu- 
tion. 
Materials and Methods 
Origin of the clones. The EcoRl subclone, H25- 
3.8, containing the first two exons of the human 
CA II gene was prepared from a previously iso- 
lated X clone, and used to detect a polymorphism 
1 kb upstream from the human CA II gene [25,26]. 
The EcoRI subclone, A6-2.7, containing the first 
two exons of the mouse CA II gene, was prepared 
from a previously isolated cosmid clone [15,25]. 
Sequence analysis. Sequencing was performed 
by the chemical cleavage method as previously 
described [15]. Storage and analysis of the data 
were performed using programs available for mi- 
crocomputers [27]. 
Results and Discussion 
The strategy used to determine the human and 
mouse CA II DNA sequences reported here is 
shown in Fig. 1, and comparisons of the two gene 
sequences are shown in Fig. 2 and Table I. As 
A. HUMAN 
0 
E c o  R I  I 
B o m  H I  
BQ_J :~ 






S o u  3AI 
B. MOUSE 
E c o  R I 
8am H I  
Xba I 
Tth III ! 
Pst  I 
S t  u I 
H i ~ c  11 
r 11 
I 
l . d 
3 3.8(kb) 
.+ . _ + . 
0 I 2 27 (kb) 
I i 
F- 
F'-4"  - 
- - I - -  
- 4 ~ -  
Fig. 1. Restriction maps of the 5' regions of human and mouse 
(YBR strain) carbonic anhydrase 11 genes. Open boxes indicate 
untranslated portions of exons 1 and solid boxes represent 
coding regions of exons 1 and 2. 
shown in Table I, although the nucleotide se- 
quences in the two exons have remained highly 
conserved (88 and 79% homology), the sequences 
in the introns have diverged to a greater extent 
(44 59% homology). When the complete 259 amino 
acid sequences of human and mouse CA II are 
compared, the amount of identical residues at 
TABLE 1 
COMPARISON OF HOMOLOGOUS PORTIONS OF THE 
MOUSE AND HUMAN CA II GENES 
For the number of positions compared, insertions and deletions 
were counted as one position. 
Sequences compared No. of Identical 
positions bases (%) 
compared 
Region 5' to TATA box 243 60 
TATA box to start codon (complete) 88 69 
Exon 1 (coding region; complete) 34 88 
lntron 1 (5' end) 135 44 
Intron 1 (3' end) 425 59 
Exon 2 (complete) 198 79 
lntron 2 (5' end) 124 59 
homologous positions is 81% [16]. The predicted 
amino acid sequences for the coding regions of the 
first and second exons of the human and mouse 
CA II gene agree completely with the reported 
amino acid sequences of human CA II [28] and the 
derived amino acid sequence of mouse CA II [16], 
except for a single amino acid strain difference at 
position 38 (His /Gin)  [15]. 
As can be seen in Fig. 2, a TATA box 
(TATAAAA) is located 99 and 86 bp, respectively, 
upstream from the coding regions in both human 
and mouse genes, and possible CCAAT boxes 
(CCACC in human and CCACT in mouse) are 
located about 42 bp upstream from the TATA 
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boxes. The regions surrounding the TATA boxes, 
about 44 bp downstream and 42 bp upstream, 
have remained well conserved. Also, the regions 
700-800 bp on either side of the first exon are 
extremely G +  C-rich in both the human and 
mouse CA II genes. Such G + C - r i c h  'islands' 
have been shown to be associated with the 5' 
regions of many mammalian genes [29,30]. About 
90% of methylated cytosines in mammalian DNA 
are found in the CpG sequence [31], and this type 
of methylation has been implicated in the control 
of gene expression in higher eukaryotes [31]. 
In addition to the TATA and CCAAT boxes, a 
number of CCGCCC or G G G C G G  sequences are 
TABLE II 
COMPARISON OF PRESUMED REGULATORY SINGLE OR REPEATED ELEMENTS IN THE 5' FLANKING REGIONS 
OF SOME MAMMALIAN GENES 
The positions are the number of nucleotides from T in A'FA box (T - - 1) to A in CACC element. Consensus sequences: 50-80%. 
lower case letters; 80-100%. capital letters; R = purine; N = any base. References for the mammalian adult /~-globin sequences and 
rat pancreatic enzyme sequences are from Collins and Weissman [39] and Swift et al. [42]. respectively. Gaps have been introduced to 
optimize the sequence homologies. 
Source Gene Position Sequence 
Human CA II -93 GAGTTCACCTCCGC 
-80 CCCGTCACCTCCTC 
Mouse CA II -i09 CCTGTCACCTCTGC 
- 9 6  CCTGTCACCTCCGT 
-83 TCCGCCACCTCCAC 
CA II (consensus) cCNGTCACCTCCgC 
Human ~-globln -75 GACCTCACC-CTGT 
-60 AGCCACACC-CTAG 
Mouse ~maj-globin -87 GTCCTCACC-GAAG 
-61 AGCCACACC-CTGG 
Mouse ~min-globin -77 AGCCTCACC-CTGC 
-62 GGTAACACCCCTGG 
Rabbit Ol-globin -86 GTCATCACC-CAGA 
-75 GACCTCACC-CTGC 
-60 AGCCACACC-CTGG 
Goat ~A-globin -75 AGCCTCACC-CTGT 
-60 AACCACAAC-TTGG 
O-globin (consensus) RgCCtCACC-CTGg 
Rat Elastase I -83 CATGTCACCTGTGC 
Rat Elastase II -69 -ATTCCAC-TGGGC 
Rat Chymotrypsin B -182 CAGGGCACCTGTCC 
Rat Trypsin I -151 CTTGTCACCTGTAG 
Rat Trypsin II -182 GTTTCCAC-TGGTT 
-130 CTTATCAC-TGACC 
Pancreatic exocrine 
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Fig. 2. Comparison of the nucleotide sequences of the 5' regions of the human and mouse (YBR strain) carbonic anhydrase I! genes. 
The proposed TATA and CCAAT sequences are boxed. The CACC tandem-repeat sequences are indicated by solid lines, and the 
CCGCCC/GGGCGG sequences by dashed lines. Regions which have been previously published are: mouse exons I and 2 and the 5' 
non-coding region extending 150 bp upstream from the ATG start codon [15] and a small portion of human exon 2 [25]. 
found in the 5' flanking regions of  the human and 
mouse CA II genes (see Fig. 2). These sequences 
were first found in the 21 base pair repeats near 
the origin of  replication of simian virus 40 (SV40) 
and have been shown to be important for the 
transcriptional efficiency of the early and late genes 
[32]. They have since been reported in a number of 
genes, e.g., c-myc [33], a-globin [34], interleukin 3 
[35], hydroxymethylglutaryl-CoA reductase [36], 
and may represent elements controlling transcrip- 
tional efficiency. These C C G C C C / G G G C G G  se- 
quences have been shown to bind to a transcrip- 
tion factor, Spl, which potentiates the transcrip- 
tion of some genes [37,38]. Interestingly, nine of  
these sequences are found 5' to each of the two 
human a-globin genes, al and a2 [34], but none 
are found 5' to the fl-globin genes [39]. 
In both human and mouse, tandemly repeated 
G A G T  G 
elements ( C C C G T C A C C T C C T C  in human and 
T C C T A T  
C C T G T C A C C T C C G C  in mouse) have been iden- 
tified 15 and 22 bp upstream, respectively, from 
the putative C C A A T  boxes (Fig. 2 and Table II). 
These distal elements appear to be structurally 
similar to repeated sequences (consensus = 
RgCCtCACC-CTGg)  found in similar positions in 
five mammalian adult fl-globin genes (see Table 
II); this element has been shown to be important 
for transcriptional efficiency of the rabbit fl-globin 
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g e n e  in v i t ro  [3]. In add i t ion ,  two m u t a t i o n s  
( C A C C  ~ C A C G  and  C A  TC)  which  p r o d u c e  fl +- 
a n d  f l ° - tha la s semia ,  r e spec t ive ly  [40,41] have  been  
desc r ibed  in the h u m a n  f l -g lob in  gene  in the first 
d is ta l  C A C C  s e q u e n c e  (pos i t ion  - 6 0  in T a b l e  II). 
T h e  m o u s e  in te r l euk in  3 gene  has 12 repea ts  of  a 
s imi la r  s equence  in its first i n t e r v e n i n g  s equence  
[35]. In add i t ion ,  the C A  II r epea t  e l e m e n t s  are  
also s imi la r  to an  e l e m e n t  f o u n d  in a n u m b e r  of  
rat p a n c r e a t i c  genes  ( T a b l e  II). It has  been  sug-  
ges ted  that  these  e l e m e n t s  m a y  c o n f e r  p a n c r e a t i c  
t issue speci f ic i ty  [42]. H o w e v e r ,  the C A  II gene  is 
expressed  on ly  in exoc r ine  duc t a l  cells in the pan -  
c reas  [43], whe reas  p a n c r e a t i c  spec i f ic  genes  (e.g., 
t ryps in ,  c h y m o t r y p s i n ,  e las tase)  a re  on ly  expressed  
in ac ina r  exoc r ine  cells [44]. 
C a r b o n i c  a n h y d r a s e  act ivi ty ,  p r e s u m a b l y  due  to 
C A  II, has been  r e p o r t e d  1o be inc reased  in the 
e n d o m e t r i u m  of  rabb i t  [45] and  h u m a n  [46] in 
r e sponse  to p rog re s t e rone .  S ince  g lucoco r t i co id  re- 
c e p t o r  b i n d i n g  e l e m e n t s  have  been  found  at least  1 
kb u p s t r e a m  f r o m  the t r a n s c r i p t i o n  in i t i a t ion  site 
o f  the  p ro lac t in  gene  [9], we sea rched  for  such 
poss ib le  r ecep to r  b i n d i n g  e lements .  A l t h o u g h  n o n e  
were  found,  it is still poss ib le  that  such reg ions  are  
p re sen t  fu r the r  ups t r eam.  
Because  of  the  inc reased  h o m o l o g y  b e t w e e n  the 
h u m a n  and  m o u s e  C A  II genes  near  the T A T A  
box  (Fig.  2), it appea r s  that  s o m e  of  the cis-acting 
r egu l a to ry  e l e m e n t s  of  the C A  II genes  p r o b a b l y  
lie wi th in  150 bp of  the first exon.  If  this is so, 
then  a n u m b e r  of  trans-acting factors ,  s o m e  of  
which  in turn  may  be con t ro l l ed  in a t i s sue-spec i f ic  
m a n n e r ,  will  b ind  to s equences  wi th in  this small  
region.  
T h e  func t iona l  s ign i f i cance  of  these  c o n s e r v e d  
e l e m e n t s  still r e m a i n  to be e luc ida ted .  In o rde r  to 
d e t e r m i n e  which  of  these  reg ions  are  i m p o r t a n t  for 
the  r egu la t ion  of  the C A  II genes ,  we have  con-  
s t ruc ted  several  m o u s e  and  h u m a n  C A  II "mini -  
genes ' ,  and  are  p re sen t ly  p e r f o r m i n g  e x p e r i m e n t s  
on  the in v i t ro  express ion  of  the C A  II gene  
cons t ruc t s .  
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